ABSTRACT BACKGROUND: We evaluated the diagnostic performance and safety of combined
INTRODUCTION
When a spontaneously breathing, non intubated patient suffering from HAP or CAP develops acute respiratory insufficiency, the search for pathogens is problematic. In this setting, the most commonly conducted laboratory analyses are expectorated sputum culture, blood cultures and urinalysis, with the search for pneumococcal and Legionella antigens in urine sediment. [1] [2] [3] [4] Unfortunately, these tests have variable diagnostic yields. [5] [6] [7] [8] [9] [10] Flexible bronchoscopic techniques (bronchoalveolar lavage (BAL), protected distal specimen, brush sampling) are expensive and specialized methods that cannot be widely used, despite their probably having the best diagnostic yields. 1, 2, 5, 11 Transtracheal aspiration and transthoracic puncture of the pneumonia locus can obtain uncontaminated specimens and give satisfactory microbiological diagnosis results, but they require needle puncture, which is responsible for numerous side effects that limit their use during respiratory insufficiency. 12, 13 Blind nasotracheal suctioning (NTS) can obtain a sputum sample for microbiological analyses. 14, 15 NTS has been found to be more sensitive for the diagnosis of pneumocystis pneumonia than sputum induction and an alternative to flexible bronchoscopy. 16 In the specific setting of bacterial identification in severe pneumonia, no recent study, to the best of our knowledge, evaluated NTS in adults. NTS in children failed to obtain specific microbiological diagnosis because of frequent contamination by upper airway secretions 17 .
Nonbronchoscopic mini-BAL is currently used for the microbiological diagnosis of pneumonia acquired under mechanical ventilation (MV) with satisfactory sensitivity and specificity. [18] [19] [20] It represents an alternative to flexible bronchoscopy, when the latter is not available or considered too dangerous. [18] [19] [20] [21] [22] It is also useful for the microbiological diagnosis of CAP in intubated patients on MV. 23 This preliminary study was undertaken to evaluate the feasibility, safety and diagnostic performance of 2 mini-invasive methods, NTS and mini-BAL, in spontaneously breathing, non intubated patients hospitalized for pneumonia in an ICU.
MATERIAL AND METHODS
This prospective study, conducted from 2008 to 2010 in 3 nonuniversity centers, included ICU patients with suspected HAP-or CAP and not requiring intubation. Assistance PublicHôpitaux de Paris was the study promoter. The protocol was approved by our local Ethics Committee (Comité de Protection des Personnes Hôtel-Dieu, Paris, France n° 0811817) and
French Agency for the Safety of Health Products. All patients included or their surrogate gave written informed consent to participate.
Materials and the combined Procedure
We combined 2 techniques: blind NTS and mini-BAL with a telescopic catheter. Because the latter is too flexible to be directly introduced nasotracheally, it was designed to be inserted through a bronchial aspiration tube (40 cm long × 16-Fr diameter; Sondjet SM21 C, Peters Surgical, Bobigny, France), wich serves as the guide for the catheter that can then access the bronchial tree. The double telescopic mini-BAL catheter (Combicath  , Prodimed, Saint-Leu La Forêt, France) ( Fig.1) consists of an external polyethylene tube (60-cm long × 2.7 mm diameter) and an internal Teflon tube (65-cm long × 1.7-mm diameter).
Our procedure consists of first blindly inserting an aspiration tube into the airways via the nostril, under systematic local xylocaine-spray anesthesia, and verifying its correct positioning in the trachea with a colorimetric CO 2 detector (Easycap II, Tyco ® , Plaisir, France) that changes color in several seconds (respectively, from purple to brown to yellow RESPIRATORY CARE Paper in Press. Published on July 23, 2013 as DOI: 10.4187/respcare.02356
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for <4, 4-15 and >15 mm Hg). 24, 25 The telescopic catheter is then inserted through the aspiration tube to perform mini-BAL.
Experienced physicians performed all procedures. No sedation was used. Tracheal anesthesia, was left to the decision of the investigator. When needed, it was performed as follows:
insertion of a very fine catheter (like that used for oxygen therapy) into the nostril; injection of 5 cc of xylocaine and asking the patient to gargle.
After waiting for local anesthesia to become effective, insertion of the suction catheter into the nostril started the clock. First, NTS was performed, according to standard recommendations. 15 Only 3 attempts within 10 min were possible. When correctly placed, the tracheal aspirate is obtained by simple suction. Then, the prelubricated mini-BAL catheter is introduced into the airways through the aspiration tube. Once in the bronchus, the internal catheter, protected in the external sheath, is advanced as needed. The mini-BAL consists of injecting 20 mL of physiological saline that are immediately recovered, and 2-3 mL of this fluid are used for bacterial analyses.
To evaluate safety, the following information was collected before and 15 min after the procedure: respiratory rate, heart rate, systolic and diastolic blood pressures, and SpO 2 .
Patients
All non intubated, spontaneously breathing (including under intermittent non invasive ventilation (NIV)) patients >18 years old suspected of having CAP or HAP whose severity necessitated ICU admission, were eligible for inclusion. The criteria for noninclusion were bronchospasm, severe coagulopathy (platelet count <100,000/mm Only 1 study group was constituted and 3 specimens were obtained from each patient: expectorated sputum, tracheal aspirate and mini-BAL fluid. Blood cultures and the search for pneumococcal and Legionella antigens in urine sediment were also performed.
In this preliminary study, we focused our search on the most common bacteria causing infectious pneumonia. Only Gram-staining and culture were performed. If other micro organisms were suspected, the patient underwent a conventional microbiological work-up (eg, flexible fibroscopy with BAL). For suspected CAP with negative culture, serology for Mycoplasmia pneumoniae, Chlamydia pneumoniae and Legionella was done.
Standard positivity thresholds for each analysis were applied. For sputum, good quality specimens, each field had >25 neutrophils and <10 epithelial cells. 6, 7 Because the litterature concerning non intubated patients is sparse, no well-established thresholds for the 2 other techniques were available. Therefore, we chose to apply known thresholds for intubated patients: quantitative culture positivity thresholds of 10 6 CFU/mL for the tracheal aspirate and 10 3 CFU/mL for mini-BAL. 19, 20, 26 The ICU of 1 cardiac surgery center and 2 general hospitals participated in this study. 
RESULTS
The characteristics of the 36 patients at ICU admission are given in Tables 1 and 2 did not change significantly between before and 15 minutes after the procedure (Table 3) .
For the included patients, the Expert Committee retained the diagnosis of bacterial pneumonia for 24/36 (67%) ( Table 4) 
DISCUSSION
The diagnosis of infectious pneumonia remains difficult. 27 By analyzing the patients' medical charts a posteriori, the Expert Committee, recognized infectious bacterial pneumonia in only two-thirds of the cases (after excluding infections not managed by the protocol, like tuberculosis and pneumocystosis). Other authors reported similar findings.
28
That unclear setting reinforces the need for a simple method to obtain respiratory specimens for the management of acute respiratory insufficiency.
Blind NTS is frequently used in routine clinical practice to withdraw retained secretions from the trachea. 15, 16 Despite its common use, precise data on its safety are lacking. Our study also provides technical data concerning NTS that are not described in the literature (duration of the procedure, rate of correct positioning in the trachea, evolution of physiological data).
Our findings showed that the combined procedure was easy to perform; it was successful for 89% of the patients within a median time of 2 minutes for NTS and 7 minutes for the double sampling.
The tracheal or esophageal position of the probe is reliably determined by colorimetric capnography. 24, 25 In our study, colorimetric capnography was performed in all patients with 75% of the first tube-placement attempts being successful, leading us to conclude that clinical parameters We compared the diagnostic performances of expectorated sputum, NTS and mini-BAL. NTS was an effective alternative to flexible bronchoscopy for diagnosing Pneumocystis pneumonia in one study. 16 In contrast, for bacterial pneumonia, available data indicated it performed poorly. 17 We combined mini-BAL with NTS to enhance diagnostic sensitivity.
Nonbronchoscopic mini-BAL in spontaneously breathing non intubated patients is an innovative way to collect bronchial secretions. The telescopic catheter is minimally invasive and was designed to replace flexible bronchoscopy for the microbiological diagnosis of intubated patients on MV. 2, [18] [19] [20] [21] [22] [23] Coupling the catheter with a bronchial aspiration tube allows its use during spontaneous breathing.
About 70% of patients included had been admitted to the ICU after failure of first-line antibiotics prescribed by their primary-care physicians. Microbiological diagnoses identified a broad panel of microorganisms in NTS and mini-BAL samples respectively 38% and 67% of the pneumonias recognized by the Expert Committee.
Concerning the bacteriological identification rate with classical methods, 29 NTS seems to perform comparably. In contrast, compared to the bacteriological identification rate with nonbronchoscopic mini-BAL performed on intubated patients (around 80%), 19, 23 our rate was slightly lower. Our microbiological diagnosis rate remains high, given the high frequency of previous antibiotic administrations, but conforms to known data. 20, 21, 30 Statistical comparisons among laboratory tests showed the superiority of mini-BAL over expectorated sputum and NTS. Notably, the latter 2 share the same limitation of high variability. Indeed, the success of sputum and NTS cultures depends on the presence of secretions in the trachea. Only 36% of our patients' sputum samples were contributive, which corresponds to previously reported findings, 6, 7 
Limitations
The small patient number is an important limitation of our study. The aim of this preliminary study was to ascertain the tolerance and feasibility of mini-BAL compared to NTS (eg, excluding an unacceptable microbiological identification failure rate or respiratory distress).
In this sense, our aim was achieved as we demonstrated the feasibility of mini-BAL.
However, numerous questions remain unresolved.
It remains unclear if the search for a pathogen is useful for all kinds of pneumonia. It is recommended for nosocomial pneumonia but the contribution of this search remains debated for CAP.
The mini-BAL is a blind procedure that cannot replace mandatory flexible bronchoscopy, eg, to guide BAL in affected lobes, search for underlying malignancy in prolonged cases... Another general limitation is the lack of a gold standard to diagnose bacterial pneumonia. In the particular population we studied, it was difficult to establish strong diagnostic criteria, so no real gold standard was applied. We tried to remedy this situation by creating an Expert Committee.
Other than immediate tolerance, we did not examine patient comfort. An analysis of postprocedural patient comfort (eg, asking the patient to evaluate his experience on a comfort scale) would indeed have been valuable, and will be pursued in future investigations.
Three (9%) of our 32 patients experienced adverse events: respiratory distress caused by worsening of dyspnea with desaturation without bronchospasm or local complications such as
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Two mild episodes resolved quickly, 1 with increased oxygen therapy, the other with NIV.
These events are similar to those described by Larson RP et al. who reported 2 transient episodes of critical hypoxemia after NTS in 43 Pneumocystis carinii pneumonia patients and no serious adverse event 16 .
The third patient required intubation several hours after the combined procedure.
At admission, this patient, suspected of having nosocomial pneumonia, had dyspnea with SaO 2 85% under 15 L/mn O 2 with a high concentration mask. Symptoms regressed under NIV and he was enrolled in the study. After the combined procedure, dyspnea worsened with desaturation. NIV initially controlled his respiratory failure but respiratory exhaustion occurred and he was intubated and then mechanically ventilated for19 days; he was discharged from the ICU 8 days later without sequelae. NTS and mini-BAL were positive and identified Klebsiella pneumonia and Pseudomonas aeruginosa.
His disease severity at admission makes it difficult to directly attribute the accelerated illness evolution to the procedure. However, the episode represents a bias in our study, because we did not foresee a threshold of respiratory distress severity (eg, minimal SpO 2 , radiological extension…) in our noninclusion criteria. This situation should be rectified in a larger study to confirm our findings. In light of this event, we recommend using mini-BAL for patients with pneumonia of intermediate severity, exclusively hospitalized in an ICU and excluding markedly hypoxic subjects susceptible of requiring rapid intubation. All comparisons were non-significant. Copyright (C) 2013 Daedalus Enterprises Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. Copyright (C) 2013 Daedalus Enterprises Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. 
CONCLUSIONS

